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Impact of Storage Temperature Regimens and Protective Media
Composition on Rabies Virus CVS Strain Preservation

Pedrepat: [JocnigxeHo BNNvMB 3aXMCHUX CEpenoBULL i3 caxapo3ok, MiLEepMHOM i ManbTo30 Ha 30epexeHHst Bipycy ckasy
wramy CVS y npoueci 36epiraHHs 3a 37, 5, —20, —80 Tta —196°C. BcTaHoBneHo, o TemnepatypHuin pexum 37°C He npuaaTHWn
ans 36epiraHHs Bipycy, 5°C Moxe BUMKOPUCTOBYBaTUCS 3a BUPOGHMYOI HEOOXiAHOCTI ANsi HETpuBanoro 36epiraHHs y BianoBigHOMY 3a-
XUCHOMY cepefoBuLLi. [MokasaHo, Lo 36epiraHHs 3a —80 Ta —196°C y cepepoBuLlax KoHcepByBaHHA Ha ocHoBi DMEM 3 0,5% de-
TanbHOI CMpOBaTKM BenuKoi poratoi xyaobu 3 goaaBaHHa abo 5% caxaposu, abo 5% rniuepuHy, abo 5% manbTo3n abo cymili caxa-
po3u 3 rriuepuHom 3abesnevye BMCOKI MOKa3HWKM iH(PEKLiMHOI akTUBHOCTI Bipycy ckady wtamy CVS npotsrom 24 micsuiB (TepMiH
crnocTepexeHHst). 3a Temnepatypu —20°C y pocTOBOMY CepefoByLLi 3 Caxapo30t0 i CyMILLLLII0 caxapo3u 3 MilepuHoM yepes 6 mics-
uiB 6yno 36epexeHo 79-82% BuxigHOi akTUBHOCTI Bipycy, a Yepe3 12 micauiB — 69—72%. lMicna gocarHeHHs —80°C i y npoueci no-
nanblioro 36epiraHHs 3paskiB Bipycy 3a LUiei TemnepaTypu B OOCHiOXYBaHWX CepefoBULLAx KOHCEpBYBaHHS BTOPWHHA KpucTa-
ni3auis KOHLEHTPOBAHUX PO3YMHEHMX PEYOBUH Oyna NponoHroBaHa.

KniouoBi cnoBa: Bipyc ckasy, KynbTypa KMiTUH, [OBrocTpokoBe 36epiraHHs,
iHpekLUinHa akTUBHICTb BipyCy.

Abstract: The impact of protective media supplemented with sucrose, glycerol, and maltose on the rabies virus CVS strain
preservation during storage at 37, 5, —20, —80, and —196°C has been studied. The temperature regimen of 37°C was found as not
suitable for virus storage, but temperature of 5°C could be used for a short-term storage in corresponding protective medium in
case of production need. It was shown that storage at —80 and —-196°C in DMEM-based preservation media containing 0.5%
fetal bovine serum, supplemented with either 5% sucrose, or 5% glycerol, or 5% maltose, or sucrose and glycerol mixture
provided high levels of the rabies virus CVS strain infectious activity within 24 months (observation period). At —20°C, in a growth
medium with sucrose and mixture of sucrose and glycerol, after 6 months 79-82% of the initial virus activity were preserved,
and after 12 months that was 69-72%. Upon reaching —80°C and during subsequent storage of virus samples at this tempera-
ture in the studied preservation media, the secondary crystallization of concentrated dissolved substances was prolon-
ged.

Key words: rabies virus, cell culture, long-term storage, protective media, virus preservation, virus infectious activity.

3axUCHi cepefoBuLa, 30epexeHHs Bipycy,

Cka3 — HeOesnevyHe HEHpPOBIpyCHE 3aXBOPIOBAH-
Hs 3 HaWBHIUM KOe(DIliEHTOM CMEPTHOCTI cepel
iHmuXx iH(ekuid. OCHOBHUM 3aX0J0M 0OpOTHOM 3
HUM € Tpo(diJaKTHKa, JO SKOT BXOJIUTh BaKIIMHAIIS
CBICBKMX Ta IMKUX TBapuH 1 BBEIEHHS aHTHpa-
OlYHMX BaKIMH Ta IMyHOIJIOOYJIHIB JIIOASM MiCIs
YKYCY Ta KOHTaKkTy 3 iH(IKOBaHUMH TBapHHaMH |3,
11, 16-19]. Bignosigno mo pexomenpauii BOO3
BUPOOHUITBO MAAaHUX IIpenapariB KOHTPOIIOETHCS
3 BUKOPUCTAHHSAM (PiKCOBAHOTO IITaMy BipyCy cKazy
CVS [9, 11, 17].

SIkicTh aHTHPAOIYHUX MpemapariB y Xomi BUPOO-
HUITBA MO)KHa 3a0€3MeYnTH JHINe 3a HasBHOCTI
JIOCTaTHIX 3amaciB Bipycy ckasy mramy CVS, orpu-
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Rabies is a dangerous neuroviral disease with the
highest mortality rate among other infections. The
main way to combat the rabies is the prophylaxis,
involving the domestic and wild animal vaccina-
tion and introduction of anti-rabies vaccines and
immune globulins to humans after bite and contact
with infected animals [5, 9, 15-18]. According
to the WHO guidelines, the production of these
drugs is monitored using the fixed rabies virus CVS
strain [7, 9, 16].

The quality of rabies products in manufacturing
may be only ensured when sufficient stocks of the
rabies virus CVS strain, obtained from a single
batch is available. For this purpose, one applies
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MaHOTO 3 OnHi€l cepil. 3 I[iEF0 METOK 3aCTOCOBY-
10Th €()eKTHBHI Ta AOCTYIHI METOOH JAOBIOCTPOKO-
BOro 30epiranHsi Bipycy cKasy, OCKUIBKH Je(eKTHi
a00 1HAKTHBOBaHI BIPYyCHI YaCTUHKH KOHKYPYIOTh
i3 TIOBHOIIIHHMMH BipiOHAMU 3a 3B’S3yBaHHSI CIIEIIH-
(higaux arTHTia [15].

OCHOBHUMH METOJaMH KOHCEPBYBAaHHS Bipy-
Cy ckazy € miodimizamisi Ta 30epiranHas 3a pi3HHUX
HU3bKUX Temreparyp. Jliodimizamii mramy CVS
OOME)KeHa, OCKIIbKH Uil TIONANBLION0 BUKOPH-
CTaHHSl Bipyc HEOOXiTHO HEOTHOPAa30BO MACHBY-
Baru. HaiiGinpmn mommpeHe 30epiraHHs BETUKHX
00’eMiB BipyCy y KOMEPLIHHUX MOPO3HIBHUX Kame-
pax opu —20...—85°C [3, 6, 9, 10, 15, 16]. dus no-
KpalieHHs1 30epeXeHOCTI MaTepialy y CepeaoBHIIa
BBOJIATH 3aXWCHI JOMIIIKU: Ji- Ta TOJicaxapuy,
CIIUPTH, AMMETWICYIb()OKCHI, CHPOBATKY Ta allb-
OyMiH KpOBI TBapWH, a TaKOX IHII OpTaHidHI pe-
qoBuHHU [3, 6, 8—10, 15]. Pesynprarn mpoBeacHUX
y IIbOMY HampsMKYy IOCIiIKEHb CYNepedsiuBi Ta He
JIOKa3yl0Th €(QEKTHBHICTh MEBHOTO KOHCEPBYIOUOTO
Cepe/IoBHIIA NIPU Pi3HUX TeMIeparypax 30epiraHHsi.
3a pexomennaiiero BOO3 Bipyc ckaszy mramy CVS
ciin 30epiratu y OydepHOMY CepeloBHUIN 3 J07a-
BaHHSIM HU3bKUX KOHLEHTpaLili KOMIIOHEHTIB KPOBi
BeJMKOI poraroi XynoOu (¢eranbHa cUpOBaTKa, ajb-
OymiH) 3a Temmepatyp Bix —70 mo —80°C, ane mani
070 e(EeKTUBHOCTI IIbOTO PEXUMY IS TPUBAJIOTO
30epiranns BiacyTHi [11, 17].

Merta mociipKeHHST — po3po0Ka CKIaay cepeno-
BHIII IJIS1 TOBTOCTPOKOBOTO 30€piraHHs Bipycy cka3zy
mramy CVS 3a pi3HHX Temreparyp B yMOBax BH-
POOHHIITBA aHTHPAOIYHUX TIPENaparis.

Marepiajau Ta meToau

O0’exToM JOCIHIKEHHST OyB (PiKCOBaHUU IITaM
Bipycy ckazy CVS, Haganuii Jlep>kaBHUM HayKOBO-
JOCIIHAM THCTUTYTOM CTaHAAapTH3AaIll Ta KOHTpPO-
0 MeIu4HuX Oionoriyaux npenaparis iM. JI.O. Ta-
paceBuda (Mocksa, Pocist) Ta amanToBaHuid 10 TOC-
titiHoi kynmerypu kiitiH BHK-21 (clone 13) B AT
«BIOJIIK» (XapkiB, Ykpaina). lllTam 3amernmoHoBaHO
(cBimonrTBO Ne679) y memosurapii [lepkaBHorOo Hay-
KOBO-KOHTPOJIBHOTO 1HCTHTYTY OlOTE€XHOJIOTIi Ta
mramiB Mikpoopranizmis (Kuis, Ykpaina).

Bigmosigno 1o pexomenpainii BOO3 ta MixHa-
POAHOTO €mi300TUYHOrO OIOpPO Y SIKOCTI cyOcTpary
JUIs. KyJABTHUBYBAaHHSI BIpyCy BHUKOPHUCTOBYBQJIM IIO-
ctiiiny kinituany JiHiro BHK-21 (clone 13), sika Oyna
HajaHa €BPONEHCHKOIO KOJEKLIEI KIITUHHUX KYJb-
typ («<ECACC», Benuka bpuranis) [3, 11, 17].

[lepen 3apaxennsm xmituau niHii BHK-21 mig-
JaBaJIM T0OOBOMY KYJIBTHBYBaHHIO Y TIPUCTIHKOBOMY
MOHOIIApi B CTEPHIIBHUX TUIACTUKOBHUX KYIBTYPallb-
Hux ¢nakonax («SPLy, Himequnna) y DMEM 3 no-
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the efficient and available methods for rabies
virus long-term storage, since the defective or
inactivated viral particles compete with integ-
ral virions for binding specific antibodies [14].

The main methods for rabies virus preservation
are lyophilization and storage at various low tem-
peratures. The CVS strain lyophilization is limi-
ted due to a need to its repeated passage for fur-
ther use. The virus large volumes are most com-
monly stored in commercial freezing chambers
at —20... —=85°C [1, 5, 7, 8, 14, 15]. To improve
the material preservation, the following additives
such as: di- and polysaccharides, alcohols, DMSO,
animal blood serum and albumin, as well as other
organic substances, are introduced into the me-
dium [1, 5-8, 14]. The findings in this direction
are inconsistent and prove no efficiency of the cer-
tain preserving medium at different storage tempera-
tures. According to the WHO recommendation,
the rabies virus CVS strain should be stored in a
buffer medium, supplemented with low concentrated
blood components of cattle (fetal serum, albumin)
at temperatures ranging from —70 to —80°C, but
there are no data on this mode efficiency for a long-
term storage [9, 16].

The research aim was to develop the medium
composition for a long-term storage of the rabies
virus CVS strain at different temperatures in rabies
products manufacturing.

Materials and methods

The research object was the fixed rabies virus
CVS strain, provided by the L.O. Tarasevich State
Research Institute for Standardization and Control
of Biomedical Preparation (Moscow, Russia) and
adapted to the continuous BHK-21 (clone 13) cell
culture at JSC BIOLIK (Kharkiv, Ukraine). The
strain was deposited (certificate N 679) at the
depository of the State Scientific Control Institute
of Biotechnology and Strains of Microorganisms
(Kyiv, Ukraine).

In accordance with the recommendations of
the WHO and the International Epizootics Bureau,
the continuous BHK-21 (clone 13) cell line, pro-
vided by the European Collection of Authenticated
Cell Cultures (ECACC, United Kingdom) was used
as a substrate for virus cultivation [5, 9, 16].

Prior to infecting, the BHK-21 cells were cultured
within one day in a wall monolayer in sterile
plastic culture flasks (SPL, Germany) in DMEM
supplemented with 10% (v/v) fetal bovine serum
(Sigma-Aldrich, United States). The cells were
cultured in CO, incubator (Binder, Germany) at
37°C and 5% CO,. The culture was infected with
a fixed CVS strain with infectious activity (4.79 +




nasanHsaM 10% (v / v) ¢eranbHOI CHPOBATKU BETHKOL
poraroi xymobu (BPX) («Sigma-Aldrich», CIIA).
Kmitunu kyneruBysamu B CO,-inkybaropi («Bin-
der», Himeuunna) nipu 37°C i 5% CO,. Kynsrypy 3a-
paxanu QikcoBanum mramoM CVS i3 iH}eKIiitHO0
aktuBHicTiO (4,79 £ 0,15) lg CCID,; (50%-a indi-
Kyro4a J103a JUIsl KyJIbTypHy KITITHH). Excro3uito kti-
THH 13 BIPYCHOIO CYCII€H31€}0 TMPOBOIWIA MPOTS-
rom rogunn y CO,-inky6aropi npu 33°C 1 5% CO,.
[otiM y KynbTypajibHi (DIaKOHH BHOCHIIM POCTOBE
cepenoBume (PC) ans Bipycy Ha ocHoBi DMEM
i3 momaBanusM 0,5% (v / v) dertanbHOi cupoBaTKu
BPX Tta xynpTHBYBanM Bipyc sIK onucaHo Bumie. Ha
4-ty noOy micnsi 3apaKeHHS BIPYCHY CYCIEH3iO
OYMIIATH Bil KJIITHUHHOTO JETPUTY MPOTSIroM 15 XxB
mpu 2000g, 4°C y pedprwkepatopHii meHTpudy3i
(«MPWy, Ilompma) [3, 16, 17]. Y 3i0panuii cynep-
HaTaHT BHOCWIH caxapo3y («AppliChem», Himeu-
guHa), minepuH («AppliChemy) i MmabTo3y («Sigma-
Aldrichy). Jlns 36epiranss Bipycy BUKOPHUCTOBYBAIH
taki cepenposuma: 1 — PC 6e3 gomimok; 2 — PC i3
5% caxaposu; 3 — PC 3 5% miuepuny; 4 — PC i3 5%
caxaposu Ta 5% tmiuepuny; 5 — PC i3 5% manbro-
3H.

Cycnensito Bipycy B 3a3Ha4€HUX 3aXHUCHUX Cepe-
JIOBHII[AX MEXaHIYHUM JI03aTOPOM 3i 3MiHHUM 00’€-
MoM («Biohit Proline Plusy, ®innsHmis) BHOCHIN
mo 1 M y CTepWIbHI IUTACTHUKOBI KpiompoOipKu
(«SPL») i 30epiranmu y Tepmocrari («Bindery») mpu
37°C; xomommnbHiN kKamepi («Liebherr», Himeuun-
Ha) ipu 5°C; mopo3misHil kamepi («National Laby,
Himeuunna) mpu —20 1 —80°C; mocynuni Jlproapa
(XapkiBChbKHI 3aBOJ TPAHCIIOPTHOTO OO0JIaHAHHS,
VYkpaina) npu —196°C. IIBUAKOCTI OXOJIOIKECHHS
JI0 BKa3aHUX TeMIeparyp He KOHTpOJIroBaiu. [H(pek-
LifiHy aKTHBHICTH 3pa3KiB OLHIOBaIHM mepes 30e-
piraHHsIM, a TaKOX 4Yepe3 TIKICHb Ta 3, 6, 12, 18 i
24 micsi (TepMiH CIIOCTEPEIKSHHS ).

HocnipkyBaHUH MOKa3HUK BU3HAYaJIH METOOM
tutpaii B Kyasrypi kimithH BHK-21 y 96-nyHkoBHx
KyneTypaibHux 1iaHmerax («TPPy», IlBetnapis)
y m’situ noBropax. KnituHu y mmaHmeTrax KyJlbTu-
ByBanu B CO,-inky6aropi pu 37°C 1 5% CO, npors-
rom 48 ronuH, QikcyBanu oxonomkeHnM npu —20°C
alleTOHOM 1 3a0apBitoBaiy crielu(iyHIMH MOHOK-
JIOHAILHUMH aHTUTUIAMH JI0 BIpyCy CKazy, MiYeHUMH
i3otiomianarom iyopecneiny («Fujirebio», CIILA).
3a nmomomororo jgadboparopHoro mikpockomna («Leica
DM2000», Himeyunna) 3 momynem ¢ayopecueHmii
npu %100 BpaxoByBanM HasBHICTb y KOKHIN JyHII
IUTAHIIETa SICKPAaBOTO CIEU(IYHOTO CBITIHHS 3e-
JICHOTO KOJIbOPY, SIKE CBIAYMIIO MPO 3apakeHHs KIIi-
TUH BipycoM ckazy [3, 16]. Indekniliny akTHBHICTH
Bipycy pospaxoByBain MmetogoM CmipmeHna-Kep-
Oepa i Bupaxanu y g CCID, [3, 7, 15].

150

+ 0.15) lg CCID,, (50% cell culture infectious
dose). The cells with viral suspension were exposed
for one hour in a CO, incubator at 33°C and 5%
CO,. Then, the DMEM-based growth medium
(GM) for virus with 0.5% (v/v) fetal bovine serum
was introduced into the culture flasks and cultured
as described above. To day 4 after infection, the
viral suspension was purified from cell debris wi-
thin 15 min at 2000 g, 4°C in refrigerator centri-
fuge (MPW, Poland) [5, 15, 16]. The sucrose (Ap-
pliChem, Germany), glycerol (AppliChem) and mal-
tose (Sigma-Aldrich) were introduced into collected
supernatant. To store the virus we used the follo-
wing media: 1 — GM without additives; 2 — GM
with 5% sucrose; 3 — GM with 5% glycerol; 4 — with
5% sucrose and 5% glycerol; 5 — with 5% maltose.

Using a variable volume mechanical pipette (Bio-
hit Proline Plus, Finland), by 1 ml of virus suspen-
sion in the mentioned protective media were in-
jected into the sterile plastic cryovials (SPL) and
stored in a thermostat (Binder) at 37°C; refrigerated
chamber (Liebherr, Germany) at 5°C; freezing
chamber (National Lab, Germany) at —20 and —80°C;
Dewar vessel (Kharkiv Plant of Transport Ma-
chinery, Ukraine) at —196°C. The cooling rates
down to the specified temperatures were not control-
led. An infectious activity of the samples was
evaluated before storage, as well as after one week
and 3, 6, 12, 18 and 24 months later (observation
period).

The studied index was determined by titration
in the BHK-21 cell culture in 96-well culture plates
(TPP, Switzerland) in five replicates. The cells
in plates were cultured in CO, incubator at 37°C
and 5% CO, for 48 hrs, then fixed with cooled at
—20°C acetone and stained with specific rabies virus
monoclonal antibodies labeled with fluorescein
isotiocyanate (Fujirebio, USA). The presence of
bright specific green luminescence in each plate
well, testified to a cell infection with rabies virus,
was observed with laboratory microscope (Leica
DM2000, Germany) with a fluorescence module
at x100 [5, 15]. The virus infectious activity was
calculated by the Spearman-Karber method and
expressed in Ig CCID, [3, 5, 14].

The efficiency of the virus storage was assessed
by virus infectious activity in GM prior to mani-
pulation (control). The effect of temperature re-
gimens on virus storage efficiency was determined.
In addition, at each storage period we compared
the studied index with that in previous one,
and after 24 months we did with that in the additive-
free medium at each of temperatures.

The findings were statistically processed using
the Statistica 10 software (StatSoft, USA) using the
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EdexruBHicTh 30epiraHus BipyCy OLIHIOBAIM 3a
iH(eKiiHo akTuBHICTIO Bipycy B PC 1o manimy-
JSIiH (KOHTPOJIb). BU3HAaYamM BIUIMB TEMIIEpaTypHUX
pexuMiB Ha e(eKTUBHICTH 30epiranus Bipycy. Kpim
TOTO, Ha KO)KHOMY 3 TEpPMIiHIB 30epiraHHs IOCIii-
KYBaHMH IOKa3HUK IOPIBHIOBAJIM 3 TAKUM Ha IIOIIe-
peaHBOMY TEpPMiHIi, a uepe3 24 MICSIll — 3 TAKUM Y ce-
penoBuIi 6e3 TOMIMIOK MPH KOXKHIN 13 TeMIeparyp.

CrarucTHYHMAN aHalli3 Pe3yNbTaTiB MPOBOIMIH
3a JIONIOMOTOI0 KOMII'FOTEPHOI mporpamu «Statistica
10» («StatSoft», CILIA) 3 BUKOPHCTAaHHSIM METOIY
nuctepciiinoro ananizy (ANOVA): Bu3Hauanu 3Ha-
YYIIICTh BIIMIHHOCTEH MK CEPEeIHIMHU 3HAYCHHSIMU
aKTHBHOCTI BipyCy; OLIHIOBJINM BIUIUB KOKHOTO 3
(bakTopiB Ha IH(EKIiiHYy aKTUBHICTH Bipycy. Binm-
MIHHOCTI BBaXKaJ{l CTaTUCTUYHO 3HAYYLIUMU IIPH
p <0,05[1].

Pe3ynbTaTu Ta 00roBopeHHs

VY 3B’S13Ky 3 THM, IO BHECEHHS 3aXHCHUX Peyo-
BuH y PC Bipycy no mowmileHHS Ha 30epiraHss
3HAYYIIC HE BIUIMBAJIO HA HOr0 aKTHUBHICTh, BHXIJ-
HUM KOHTpOJIEM BBaXajH iH(EKUiHHY aKTHBHICTbH
Bipycy B PC no maninynsuiit (qani — BuxigHa ingex-
LifiHa aKTUBHICTH Bipycy), sKa cTaHoBWia (4,68 +
+0,19) Ig CCID,,

BceranoBiieHo, mo Ha iH(EKIHY aKTUBHICTh
Bipycy ckazy mramy CVS mnporarom 24 MicsIis
30epiraHHs (TEPMiH CIIOCTEPEKESHHS) 3HAYYIIE BITIH-
BaJIM: CKJIQJ 3aXMCHOIO CEPEIOBHUINA, TEMIIEpaTy-
pa i Tepmia 30epiranns. HaitOinmem Ha manwid 110-
Ka3HWK BIUTMBAaNa TemIieparypa 30epiranHs, a MeH-
IIOK0 MIPOFO — TEPMiH 30epiraHHsi i CKJaJi 3aXUCHOTO
Cepe/IoBHIIIA.

[Micns 30epiraHHs TPOTATOM THXKHS 1H(EKLik-
Ha aKTUBHICTH BipyCy HE 3MiHIOBasacs y 3paskax i3
caxapo3oto (—80°C), rriuepunom (—80 i —196°C) i
cyMimrto mux pedoBuH (—196°C) (puc. 1). Y iHmmx
3pa3Kax JIaHW# MMOKa3HUK 3HU3WBCA. HaliOinbmn BU-
COKy IH(EKIiliHy aKTHBHICTh BIpyCy BHUSBJICHO
B 3paskax micns 30epiramHs mpu —80 1 —196°C,
HaWO1IpIT HU3BKY — Tipu 37°C. [IpoTsarom 3-X MicsIriB
36epiragas mpu 37°C y BCix 3pa3kax BigOymacs
TIOBHA 1HAKTHUBAIIIS BIPYCY.

B ymoBax 30epiranns mpu 5°C mporsirom 3-x
MICAIIIB HAaWOULIBII BHUCOKUH TOKAa3HUK 30eperxe-
HocTi Bipycy BigzHaueHo y PC 6e3 momimok — 22%
BiJl BUXIiJTHOI iH(EKIIHHOI aKTUBHOCTI, Yepe3 6 Mi-
CALIB BipyC 1HAaKTMBYBaBCS Yy BCIX 3pa3Kax, KpiM
CepeloBHILA 3 CYMINIIII0 Caxapo3u Ta IIILEPHUHY,
B siKOMY 30epeskeHo 13% Bij BUXiTHOTO TTOKa3HUKA.

3miny iH¢ekniiHoi aktuBHOCTI mrTamy CVS y
KOXKHOMY 3 3aXHICHHUX CEPEOBHII MPOTATOM 24 Mi-
CAIIB (TEPMIH CTIOCTEPEKCHHSI) OIIHIOBATH 32 TEM-
meparyp —20, —80 u —196°C (puc. 2). ¥ PC 6e3
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analysis of variance (ANOVA), i. e. the significan-
ce of differences between the mean values of virus
activity was determined; the impact of each factor on
virus infectious activity was assessed. The differences
were considered significant at p < 0.05 [2].

Results and discussion

Due to the fact that the introduction of protective
substances into the virus GM prior to be placed
for storage did not significantly affect its activity,
the virus infectious activity in the GM prior to
manipulation (hereinafter referred to as the virus
initial infectious activity), was considered as the
initial control, which amounted to (4.68 £+ 0.19)
lg CCID,

The infectious activity of rabies virus CVS strain
within 24 months (observation period) of storage
was found to be affected by protective medium
composition, temperature and storage period. Sto-
rage temperature influenced this index mostly and it
was less dependent on storage term and protective
medium composition.

After one-week storage, the virus infectious
activity remained unchanged in the samples with
sucrose (—80°C), glycerol (-80 and —196°C) and
mixture of these substances (-196°C) (Fig. 1). In
the other samples, this viral index was decreased.
The highest virus infectious activity was revealed in
the samples after storage at —80 and -196°C,
and the lowest one was found at 37°C. During
3 months of 37°C storage, the virus was completely
inactivated in all the samples.

Under storage at 5°C for 3 months, the highest rate
of virus preservation was observed in the additive-
free GM: 22% of the initial infectious activity,
after 6 months the virus was inactivated in all the
samples except the medium with sucrose and glycerol
mixture, where 13% of the initial index was preser-
ved.

The change in the CVS strain infectious activity
in each of the protective media for 24 months
(observation period) was assessed at —20, —80, and
—196°C (Fig. 2). In the additive-free GM (medium
1) after storage at —20°C for 3 months this index
decreased down to 73% (Fig. 3), between 3 and
6 months it remained unchanged, between 6 and
18 months it decreased and remained stable up
to 24 months, i.e. 53% of the initial value (see
Fig. 2). At —80°C, the virus infectious activity dec-
reased during the first 3 months of storage, after
24 months it remained unchanged and made 76%
of the initial one. The storage at —196°C resulted
in a partial destruction of viral particles and a de-
crease in the virus infectious activity by 18% at
the freezing stage only (see Fig. 1). During the vi-
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Control
3axucHe cepegoBuLe

Protective medium

Puc. 1. IHdekuinHa akTUBHICTb Bipycy ckady wrtamy CVS nicna 3amMopoxxyBaHHSA
B 3aXWCHUX cepefoBuLlax i 3bepiraHHsa NpPoTAromM TUXHSA 3a pPi3HMX TeMmnepaTtyp:
KoHTporb (a); —196°C (b); —80°C (c); —20°C (d); 5°C (e); 37°C (f); * — BigMiHHOCTI
CTaTUCTUYHO 3Hauylli MOPIBHSAHO 3 KOHTponew; # — BigMIHHOCTI 3HauyLli Mix
TemnepaTtypamu —196 Ta —80°C; & — BigMiHHOCTI 3HauyLwi M TemnepaTypa-
M —80 Ta —20°C; § — BiAMIHHOCTI CTATUCTUYHO 3HAuYYLLi MiXX Temnepatypamu

-196 Ta —20°C (p < 0,05; n = 5).

Fig. 1. Infectious activity of the rabies virus CVS strain after freezing in pro-
tective media and storage for a week at different temperatures: control (a);
—-196°C (b); —80°C (c); —20°C (d); 5°C (e); 37°C (f); * — differences are significant
as compared with the control; # — the differences are significant between —196
and —-80°C; & — differences are significant between —80 and —20°C; § — difference-
sare significant between —196 and —20°C (p < 0.05; n = 5).

JIoMimok (cepemosumie 1) micas 30epiraHHs Tpu
—20°C mpoTsaroM 3-X MiCAIIB JTAHWH TTOKAa3HUK 3HU-
3uBcst 10 73% (puc. 3), Mix 3 1 6 MmicAsMH — HE
3MIHIOBaBCs, 6 1 18 MicALsIMM — 3HHU3UBCA 1 3ajIH-
mascst cTablabHUM 10 24-x micsamaiB — 53% Bin Bu-
XiZIHOTO 3HadeHHs (ouB. puc. 2). 3a TemmepaTrypu
—80°C inexuiiiHa aKTHUBHICTH BIpyCy 3HHU3WIIACS
MPOTATOM TepmnX 3-X MicsmiB 30epiraHss, depes
24 micami He 3MiHIOBajacs 1 ckiamana 76% Bin 1o-
yarkoBoi. 30epiranns 3paskiB 3a —196°C mpusso-
JIWIIO 10 YaCTKOBOI 3aruOeni BipyCHHUX YaCTHHOK 1
3HIKEHHS iHQeKiiHoI akTMBHOCTI Bipycy Ha 18%
TIIBKM Ha €Tami 3aMOpOXKyBaHHs (ouB. puc. 1).
30epiranHs mTaMy Bipycy 3a TaHUX YMOB MPOTSTOM
24-x MICAIIIB HE BIUIMBAJIO Ha Horo iH(EKIiiHy ak-
THUBHICTb.

Indexuiiina akTUBHICTH BipyCcy y 3aXHCHOMY
cepeloBHIl 3 JoaaBaHHAM 5% caxapo3u (cepe-
noBuiie 2) 3a Temmeparypu 30epiranHs —20°C
MPOTATOM TepuX 3-X MicsimiB 3HU3MIAc 10 82%
(puc. 4), 3 3-ro mo 6-ii Micaup HE 3MiHIOBajacsd,
3 6-r0 1o 24-i micsaup 3HM3MnIacsa n0 37% (ouB.
puc. 2). /luHamika IaHOTO IOKa3HUKA y Cepelo-
BHIII 3 caxapo3oro 3a Temreparyp 30epiranus —80 i
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index dynamics in the suc-
rose-contained medium at
—80 and —196°C was the
same as in the additive-free
medium. After 24 months of
storage at —80 and —196°C
it was 83 and 94%, respec-
tively (see Fig. 2).

After storage of the vi-
rus for 3—12 months in GM,
supplemented with 5% gly-
cerol (medium 3) at —20°C,
its infectious activity redu-
ced, then remained at the
same level and 24 months
later made 62% of the initial control (Fig. 2, 5).
At —80°C, during the first 6 months it reduced and
remained stable up to 24 months, making 80% of
the initial control. The temperature of —196°C pro-
vided this index stability within the entire obser-
vation period at the level of 94% (see Fig. 2).

It was found that in the GM supplemented
with 5% sucrose and 5% glycerol (medium 4), the
virus infectious activity at —20°C storage tempera-
ture decreased within the first 3 months and between
6 and 24 months (Fig. 6). After 24 months at —20°C,
63% of the virus infectious activity were preser-
ved (see Fig. 2). At —80°C, a partial destruction of
viral particles occurred at the freezing stage only.
During further storage, the studied index remai-
ned stable and after 24 months it was 80%. The
storage temperature of —196°C preserved the virus
initial infectious activity within 18 months, bet-
ween 18 and 24 months it decreased down to 94%
(see Fig. 2).

In the protective medium supplemented with
5% maltose (medium 5) at —20°C storage tempera-
ture, the virus infectious activity decreased within
24 months (Fig. 7) and made 8% of the initial one
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" Kowrponb | 1 2 3 4 5 above samples, it decreased
Control

3axucHe cepegosuLLe
Protective medium

Puc. 2. |HdekuiiHa akTUBHICTb Bipycy ckasy wTamy CVS 4yepe3 24 wmicaui
36epiraHHa B 3aXUCHUX CepefoBULIAX 3a Pi3HUX TeMnepaTyp: KOHTponb (O);
—-196°C (m); —80°C (m); —20°C (m); * — BiAMIHHOCTI CTaTUCTUYHO 3HAYYLLiy NOpiB-
HSHHI 3 KOHTponeMm; # — BiAMIHHOCTi CTaTUCTUYHO 3HauylLli NOPIBHSAHO 3 cepe-
posullem 1 3a KoxHOI 3 Temnepatyp; & — iHgekKUillHa akTUMBHICTb 3Hauylle
BULWA, Hix 3a TemnepaTtypu —20°C; § — iHdekuUiiHa akKTUBHICTb 3HauyLle BULLA,

Hix 3a TemnepaTypu —80°C (p < 0,05; n = 5).

Fig. 2. Infectious activity of the rabies virus CVS strain after 24 months of storage
in protective media at different temperatures: control (O0); —196°C (m); —80°C (m);
—20°C (m); * — differences are significant as compared with the control; # — dif-
ferences are significant as compared with medium 1 for each of tempera-
tures; & — infectious activity is significantly higher than at -20°C; § — infec-
tious activity is significantly higher than at —80°C (p < 0.05; n = 5).

—196°C Oymna Takoro, Sk # B CEpemoBUIN O3 0-
Mimrok. Yepes 24 micsi 30epiranHs 3a TeMneparypu
—80°C BiH cxiagaB 83%, 3a temneparypu —196°C —
94% (nuB. puc. 2).

[Ticns 30epiranns Bipycy mnpoTsrom 3—12 wmi-
cauiB y PC i3 nogaBanHsM 5% riinepuny (cepeno-
Bume 3) 3a temmeparypu —20°C ioro iHdekuiii-
HA AaKTUBHICTh 3HU3WIACh, MICIs 3aiuIaiacs Ha
OHOMY piBHI, a depe3 24 wMicsli ckimamana 62%
Bl BHXITHOTO KOHTpOmio (puc. 2, 5). 3a Temmepa-
Typu —80°C mporaroMm mepmux 6 MICAIIB BOHA
3HM3WJIACS Ta 3ajuinajacs cTabimpHOIO 10 24 Mi-
camiB 1 ckimamana 80% BiJg BUXIIHOTO KOHTPOJIIO.
Temnieparypa —196°C 3a0e3neuyBana CcTaOUIBHICTh
JJAHOTO TIOKAa3HUKA MPOTITOM BCHOTO TEPMiHY CIOC-
TepekeHHst Ha piBHI 94% (auB. puc. 2).

Bceranosiueno, 1o B PC 13 nogaBanuam 5% caxa-
po3u i 5% rminepuny (cepenosuiie 4) iH}pekuii-
Ha aKTHUBHICTh BIpyCy 3a TeMmmepaTrypu 30epiraHHs
—20°C 3HIKYyBaJIACS MPOTATOM MEPIIUX 3-X MICAIIIB 1
MiXk 6 1 24-M micssamu (puc. 6). Uepes 24 micsii npu
—20°C 30epernocst 63% iH}EKIIHHOI aKTHBHOCTI
Bipycy (muB. puc. 2). IIpu —80°C gacTkoBa 3arubdeinn
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and made up 73% of the
control (see Fig. 2).

Our findings testify to
the fact, that the positive
temperatures are not sui-
table for the rabies virus
CVS strain long-term sto-
rage. The temperature regi-
men of —20°C and GM-based
protective media supplemen-
ted with sucrose or the mix-
ture of sucrose and glycerol
may be used for operation
reasons to store the virus for
6—12 months. Such storage
conditions ensure 69-82% preservation of the virus
initial infectious activity.

There were provided higher and more stable ra-
tes of virus preservation if compared with —20°C by the
temperatures of —80 and —196°C, namely 83% of the
initial infectious activity at —80°C in the medium with
5% sucrose and 94% at —196°C in the solutions
with 5% sucrose and 5% glycerol and their mixture.

It should be noted that the differences in struc-
ture of viruses and cells cause no impact on the ra-
bies virus response to freezing conditions and
temperature storage regimens, which corresponds
to the basic provisions of the two-factor and mul-
ti-factor theories of cryoinjuries [12, 19].

Taking into account the fact, that the temperature
range from —10 to —80°C corresponds to the crys-
tallization zone of cooled and supercooled water
[13], and considering the multicomponent nature
of the preservation media and the value of eutectic
temperatures for solutions of different electrolytes
and cryoprotectants [4], we may assume the follo-
wing: the virions during storage at —20°C are cons-
tantly in a liquid phase in microchannels between

153




BIpYCHHMX YacTMHOK BijOyBajacsi TiJIbKM Ha eTari
3aMopoxxyBaHHs. [IporsiroM moganbimoro 30epiraH-
Hs JIOCHIJDKYBaHWUH TOKA3HUK 3aJUINABCS CTaOLIb-
HUM 1 uepe3 24 wmicsui craHoBuB 80%. Temmepa-
Typa 30epiranus —196°C 3abe3nedyBaa 30epekeHHs
BHXITHOT iH(MEKIIIITHOI aKTUBHOCTI BipyCy IPOTATOM
18 micsmiB, Mixk 18 1 24 micsusgMu BoHA 3HHU3UJIACS
1o 94% (nuB. puc. 2).

Y 3aXuCHOMY CEepeOBHIII 3 AOAABAHHIM 5% MaThb-
To3u (cepenoBuile S5) 3a TeMmieparypu 30epiraHHs
—20°C indekuiliHa aKTHBHICTH BIpyCy 3HMXKyBaJa-
cst mpotsiroM 24 micauis (puc. 7) 1 cknagana 8% Bix
BUXiHOT (quB. puc. 2), yepe3 3 wicsmi npu —80°C
BOHA 3HU3WIIACA 1 3QJIMIIANIACS CTAOUTLHOO JI0 KiHIIS
TEPMiHY CIIOCTEPEXKEHHS, a 4epe3 24 MicsAIll CKia-
nmama 73% Big BUXITHOTO KOHTPOIO. Y IMpoleci
30epiranns mpu —196°C y cepenoBuil 3 MaIbTO30k0
17% BipyCHUX YacCTHHOK 3arWHYJIM Ha €Tami 3amo-
poxyBauHs (auB. puc. 1). IIpotsrom 12 wmicsriB iH-
(bexmiliHa aKTHBHICTH BipyCy HE 3MIiHIOBamacs, MiX
12 1 24 wmicsusiMu 30epiranHs, Ha BiMIHY BiJ| yCiX
BUILICONTMCAHNX 3pa3KiB, BOHA 3HM3MIACA 1 CKIa-
nana 73% Bij KOHTPOJIIO (IUB. puC. 2).

OTpumaHi pe3ynbTaTH CBiAYaTh Mpo Te, L0 MO-
3UTUBHI TEMIIEpaTypu HE MPHUIATHI AJs TPUBAJIOro
30epiranHs Bipycy ckazy mramy CVS. 3a BupoO-
HUY0i HEOOXIMHOCTI JuIst 30epiraHHs Bipycy MpOTs-
rom 6—12 wMicsiiB MOXXHa BHUKOPHUCTOBYBAaTH TEM-
neparypauii pexkum —20°C 1 3axucHi cepenoBuIna
Ha ocHoBi PC i3 momaBaHHSAM caxapo3u abo Ccymiri
caxapo3d 3 TimnepuHoM. Taki yMoBH 30epiranfs
3abe3neuyioTh 69-82% BuximHOi iH(EKMiiHOI ak-
THUBHOCTI BipycCYy.

Binbin BUCOKI Ta cTaOLIbHI pe3ynbTaTu 30epexe-
HOCTI Bipycy NOpiBHSIHO 3 Temreparyporo —20°C 3a6e3-
neuyroTh Temneparypu —80 u —196°C, a came: 83% Bix
BUXifHOI iH(ekuiitHoi akTuBHOCTI 1pu —80°C y cepe-
JoBui 3 5% caxaposu Ta 94% npu —196°C y po3unHax
13 5% caxaposu i1 5% mriuepuny Ta iX cyMimii.

Crig 3a3HauuTH, 110 BiIMIHHOCTI B Oy/OBi Bipy-
CiB 1 KITHH HE BIUIMBAIOTH HA PEAKII0 BipycCy
CKazy IIOJ0 yYMOB 3aMOpPOXKYBAaHHS 1 TeMIeparyp-
HAX PESXKHUMIB 30epiraHfs, sSKa BiANOBiTa€ OCHOB-
HUM TOJIOKEHHSM JIBOPAKTOPHOT 1 MYJIbTU(HAKTOPHOT
TEOpii KpionomKopkeHsb [4, 14].

BpaxoBytouu, mo aianazoH temmeparyp Bix —10
no —80°C BiamoBimae 30HI KpUCTai3aiii O0XOJOA-
JKEHOT Ta MepeoxoopKkeHol Bonu [5] 1, 3 onisany Ha
0araTOKOMIIOHEHTHICTb CEpeIOBUII KOHCEPBYBAaHHS
Ta 3HAYCHHS EBTEKTUYHUX TEMIIeparyp s PO3-
YUHIB PI3HUX ENEKTPONITIB 1 KpiOMpOTEeKTOpiB [2],
MOKHa TIPUITYCTUTH: BIpIOHM B Tporieci 30epiranHs
mpu —20°C mocriitHO TIepeOyBaroTh y piakid dasi
B MiKpOKaHaJIaX MK KPUCTAIAMH JTHLOMY 1 IMiIIAI0Th-
csl BIUIMBY CYKyHHOCTI (pakTopiB (TimepKoHIIEHpa-
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Puc. 3. IHdekuinHa akTMBHICTb Bipycy ckasy wTamy
CVS y xogi 36epiraHHa y PC 6e3 goMmilloK 3a pi3HUX
TemnepaTtyp: —20°C (#);—80°C (A ); —196°C (m); * — BiO-
MIHHOCTI 3HauyLli NOPIBHAHO 3 NonepeaHiM TepMiHOM
30epiraHHs (p < 0,05; n = 5).

Fig. 3. Infectious activity of the rabies virus CVS strain
during storage in additive-free GM at different tempera-
tures: —20°C (e); —80°C (A ); —196°C (m); * — differences
are significant as compared with previous storage pe-
riod (p < 0.05; n =5).

ice crystals and exposed to combination of factors
(hyperconcentration of salts and other components;
change in medium pH; dehydration of macromole-
cules; disorder of intermolecular interactions (‘effect
of solutions’)) [10, 11]. In addition, under low
temperature effect, the loosening and aggregation
of nucleocapsid proteins [4] and damage of viral
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Puc. 4. IH(ekuiiHa akTUBHICTb Bipycy ckasy wTamy
CVS y xogi 36epiraHHsa y PC 3 5% caxaposu 3a pi3Hux
Temnepatyp: —20°C (e); —80°C (A); —196°C (m); * —
BiAMIHHOCTI 3HauvyLi NOPIBHAHO 3 MonepeaHiMm TepMi-
HoM 36epiraHHs (p < 0,05; n = 5).

Fig. 4. Infectious activity of the rabies virus CVS strain
during storage in GM with 5% sucrose at different
temperatures: —20°C (e); —80°C (A); —196°C (m); * —
differences are significant as compared with previous
storage period (p < 0.05; n = 5).
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Puc. 5. |HdekuUiiHa aKTUBHICTL Bipycy ckasy wTtamy
CVS y xopi 36epiraHHsa y PC 3 5% rniuepuHy 3a pis-
Hux TemnepaTtyp: —20°C (eo); —80°C (A); —196°C (m);
* — BigMIHHOCTI 3HauYyLLi NOPIBHAHO 3 NONepeaHiM Tep-
MiHOM 36epiraHHa (p < 0,05; n = 5).

Fig. 5. Infectious activity of the rabies virus CVS strain
during storage in GM with 5% glycerol at different
temperatures: —20°C (e); —80°C (A); —196°C (m); * —
differences are significant as compared with previous
storage period (p < 0.05; n = 5).

i coleld Ta IHIMIMX KOMITOHEHTIiB; 3MiHa pH cepe-
JIOBHIIA; JETipaTallisi MaKpOMOJEKYI; TOPYIICHHS
MDKMOJICKYJSIPHAX B3a€MOIH («e(heKT pO3UHMHIBY))
[12, 13]. Kpim Toro, mim mi€f0 HU3BKUX TeMIIepa-
Typ MOIIM BigOyBaTHICS DPO3IMYIIEHHS 1 arperaris
O1KiB HyKJIeoKancuay [2] Ta MOIIKOMKEHHS Bipyc-
voi PHK-3anexnoi PHK-nonimepasu. 3 momopkeH-
HsM TepMiHiB 30epiranas mpu —20°C BigOysasocs
MoJlayibllie 30UIBIICHHS KPUCTAIB JIbOAY 3 MiJBH-
LICHHSM KOHLEHTpaLii colieil Ta iHINX KOMIIOHEH-
TiB, II0 TIOCHJIIOBAJIO «E(EKT POZUHHIBY.

3HIDKEHHS TTOKa3HUKa 1H(EKIIIHOT aKTHMBHOCTI
Bipycy B mporeci 30epiranas npu —80°C (y PC
0e3 KpiompoTEeKTOpiB Ta 3 JoAaBaHHAM 5% caxapo-
3 YOPOIOBXK 3-X MIcCALIB, 5% IIIepuHy MPOTITOM
6-TH MICAIIIB) TIATBEPKYE TIPOJIOHTAINIO 3aBep-
IIeHHS BTOPMHHOI KpHCTami3amii B MiKpoKaHajax
[POTSTOM JICKUIBKOX MICAIIB IICJISA JOCATHEHHS
i€l TeMIiepaTypy y 3a3HauyeHHX 0araTOKOMITIOHEHT-
HUX 3aXHMCHUX CEPe/IOBHIAX. 3 UM €(DEKTOM ITOB’sI-
3aHe JIOJAaTKOBE IMOLIKOKEHHS BIPYCHHX YacCTHHOK
i1 BILTABOM KOHLIEHTPOBAHUX PO3UNHEHUX PEYOBUH.

Pesynbratn excriepumenTiB (nuB. puc. 1, 2) BKa-
3yIOTh Ha BUPaXEHY TifpaTalmiifHy Iif0 BBEICHHUX
y PC mpoHHMKaIbHOTO 1 HEMPOHHUKAIBHUX KPiOMPO-
TekTopiB. Ha kopucTh mporo Qaxry CBiIYUTH BH-
COKMH TIOKa3HWK 1H(EKIIHHOT aKTHBHOCTI BIpyCy
B CEPEIOBHUINAX i3 caxapo30l0 MOPIBHSIHO 3 TAKUM
Yy CEepeloBHINI 3 MaJbT03010. Bimomo, mo y caxa-
pO3U OUIBII BHCOKA 3[ATHICTh 0 3B’sI3yBaHHS BO-
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Puc. 6. IHdekuUiiHa aKTUBHICTb Bipycy ckasy LwTamy
CVS y xogi 36epiraHHa y PC 3 5% caxapos3u 1a 5%
rniuepuHy 3a pisHux Temnepatyp: —20°C (e); —80°C
(A); —196°C (m); * — BigMIHHOCTI 3Ha4ylLli NOPIBHAHO
3 nonepegHim TepmiHom 36epiravHa (p < 0,05; n = 5).
Fig. 6. Infectious activity of the rabies virus CVS strain
during storage in GM with 5% sucrose and 5% gly-
cerol at different temperatures: —20°C (e); —80°C (A);
—196°C (m); * — differences are significant as compared
with previous storage period (p < 0.05; n = 5).

RNA-dependent RNA polymerase, could occur.
When extending the storage term at —20°C, a further
increase in ice crystals with rise in salt concentration
and other components occurred, which increased the
‘effect of solutions’.

-
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Puc. 7. IHdekuiiHa akTUBHICTb BipyCy ckasy LiTamy
CVS y xopi 36epiraHHs y PC 3 5% manbtosu 3a pis-
HUX Temnepatyp: —20°C (e); —80°C (A); —196°C (m);
* — BiAMIHHOCTI 3HauYyLLi MOPIBHAHO 3 NoONepeaHiM Tep-
MiHOM 36epiraHHs (p < 0,05; n = 5).
Fig. 7. Infectious activity of the rabies virus CVS strain
during storage in GM with 5% maltose at different
temperatures: —20°C (e); —80°C (A); —196°C (m); * —
differences are significant as compared with previous
storage period (p < 0.05; n = 5).

155

S
£



mu [2]. KpiM 115010, BUBYEHI 3aXHMCHI CEpEIOBUINA
Ha ocaoBi DMEM 13 ¢etansHOIO cupoBarkoio BPX,
OYEBHUJIHO, CTAOLII3yIOTh KallCHJ 1 CYIEpKarcui Bi-
PIOHIB, TIPO TIO CBiTYaTh Pe3yNbTaTu 30epe’KeHOCTI
Bipycy B PC 6e3 kpiompoTekTopis.

BigkputuMm 11 OOTOBOpEHHSI Ta JIOJATKOBO-
TO BUBYEHHS 3QJIMINAETHCSA BIIEPIE BCTAHOBICHUN
(hakt 3HWKECHHS 1HQEKIIINHOI aKTHBHOCTI BIpyCy
micsst 30epiraHHss B CEPEOBHIII 3 MaJIbTO3010 IPU
—196°C npotsirom 12—24 micsiiis.

BucHoBku

1. BcranoBneHo, 1110 TeMIieparypHi pexumu 30e-
piranas —80 Ta —196°C 1 3axucHi cepegoBuIIa Ha
ocHoBi DMEM 3aGe3neuyroTh BUCOKY iH(EKIIi-
Hy aKTHBHICTh Bipycy ckazy mramy CVS mpoTsrom
24 wmicsuiB (TepMiH crnoctepekeHHs ). HaiftOinpn
BHCOKY 30epexeHicte Bipycy (83% Bim BuXimHO-
O KOHTPOINIO) y Tmpomeci 30epiranas mpu —80°C
3abe3neuyBano cepemoBumie Ha ocHoBi DMEM 3
0,5% ¢eranproi cupoBarku BPX i3 nomxaBanusm 5%
caxaposu, npu —196°C — Ha ocHoBi PC 3 gonaBaHHsIM
5% caxapo3su, 5% miinepuny Ta cymimi 5% caxapo3u
i 5% mminepuny — 94% Bin mo4aTkoBOI iH(EKIIHHOT
AKTHBHOCTI.

2. 3 omsaay Ha BUPOOHHMYI perviaMeHTH Ta CTaH-
JApTHI omepalliifHi mporeaypu BUPOOHUIITBA aHTH-
pabiuHuX Tpernaparis, Uil JOBFOCTPOKOBOTO 30epi-
TaHHS BENMKUX 00’eMiB Bipycy cka3y mramy CVS
peKoMeHIoBaHO TeMrieparypauil pexum —80°C i 3a-
xucHe cepenopuie Ha ocHOBI PC i3 momaBanusm 5%
caxaposu. Jlyis 30epiranHs eTaJIOHHUX 3pa3KiB 1 He-
BEJIMKUX 00 €MIB BipyCy NMpPUHHSITHI TeMmIeparypHi
pexxumu —80 ta —196°C 1 3axMCHI cepeIoBHUIIIa Ha OC-
HoBi PC i3 nonaBanusm 5% caxaposu, 5% riinepuny
Ta cymin 5% caxaposu i 5% riinepuny.

3. 3a BupoOHMUOI HEOOXiAHOCTI AJs 30epiraHHs
BipyCy IPOTATOM 6-TH MiCALIIB MOKHA BUKOPHUCTOBY-
BaTH Temneparypauii pexum —20°C i 3axucHe cepe-
nosuie Ha ocHOBI PC i3 momaBanHsM 5% caxaposu
Ta cymiu 5% caxaposu i 5% riinepuny.

4. Tlokazano, mo kpio3axucHuii edpekr PC Ha
ocioBi DMEM i3 noxaBanusm 0,5% detanbHoOl
cupoBarku BPX Ta cepenoBuIll KOHCEpPBYBaHHs Ha
ocHoBi PC i3 nmomaBanHsM 5% caxaposu, abo 5%
mrinepuny, abo 5% maneTo3u abo cymimni 5% caxa-
po3u i 5% miinepuny O0OYMOBIEHO TigpaTariiii-
HUMHU BJIACTUBOCTSIMU Ta CTa01Ii3a1li€t0 BipiOHIB.

NMiTepatypa
1. AtpamerTtoBa J1A, YTeBckas OM. Cratuctudeckne MeToAbl
B 6uonorun. MNopnoska: Jlixtap, 2008. 248 c.
2. benoyc AM, lpuwenko BW. Kpuobuonorusa. Kues: Haykosa
aymka; 1994. 432 c.

A decreased index of the virus infectious
activity during storage at —80°C (in GM without
cryoprotectants and supplemented with 5% sucrose
for 3 months, 5% glycerol for 6 months) confirms
the prolongation of completion of secondary
crystallization in microchannels within several months
after achieving this temperature in the mentioned
multicomponent protective media. This effect is
associated with extra damage to viral particles under
the impact of concentrated solutes.

Our findings (see Figs. 1, 2) demonstrate a pro-
nounced hydration action of penetrating and non-
penetrating cryoprotectants, introduced into GM.
This fact is evidenced by a high virus infectious
activity in sucrose media as compared to that in
maltose one. The sucrose is known to have a higher
ability to bind water [4]. In addition, the studied
DMEM-based protective media with fetal bovine
serum apparently stabilize the virion capsid and
supercapsid, as evidenced by the results of virus
preservation in cryoprotectant-free GM.

The first established fact of a decrease in the
virus infectious activity after storage in the medium
with maltose at —196°C for 12-24 months has
remained open for discussion and further study.

Conclusions

1. The storage temperatures of —80 and —196°C
and DMEM-based protective media were established
to provide a high infectious activity of the rabies
virus CVS strain for 24 months (observation period).
The highest rate of virus preservation (83% of the
initial control) during storage at —80°C was ensured
by the DMEM-based preserving medium with 0.5%
fetal bovine serum supplemented with 5% sucrose,
at —196°C it was provided by GM-based medium
supplemented with 5% sucrose, 5% glycerol and 5%
sucrose and 5% glycerol mixtures and made 94% of
the initial activity.

2. Surveying the production regulations and the
standard operating procedures for the rabies products,
a temperature regimen of —80°C and a GM-based
protective medium supplemented with 5% sucrose
should be recommended for a long-term storage of
large volumes of the rabies virus CVS strain. To store
the reference samples and small volumes of virus, the
temperature regimens of —80 and —196°C and the GM-
based protective media supplemented with 5% sucrose,
5% glycerol and 5% sucrose and 5% glycerol a mix-
tures have been considered to be acceptable.

3. If for the production aims it is needed to store
the virus within 6 months, a temperature regimen
of —20°C and the GM-based protective medium
supplemented with 5% sucrose and the mixture of 5%
sucrose and 5% glycerol may be used.
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Biotechnol. 1999; 13(1): 57-66.
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RG, editors. Manual of molecular and clinical laboratory
immunology. 8th ed. Washington, DC: ASM Press; 2016.
P. 665-73.

12.Leibo SP, Mazur P. The role of cooling rates in low-temperature
preservation. Cryobiology. 1971; 8(5): 447-52.

13.Mazur P. Causes of injury in frozen and thawed cells. Fed
Proc. 1965; 24(1): 175-82.

14.Mazur P. Cryobiology: the freezing of biological systems.
Science. 1970, 168(3934): 939-49.

15.Varianytsia VV, Vysekantsev IP. Storage methods of complex
RNA viruses. Probl Cryobiol Cryomed. 2017; 27(4): 287-95.

16.Varianytsia VV, Vysekantsev IP. Infectious activity of L. Pasteur
rabies virus vaccine strain frozen-dried in various protec-
tive media and then stored at various temperatures. Probl
Cryobiol Cryomed. 2018; 28(4): 333—42.

17.World Health Organization Expert Committee on biological
standardization. Recommendations for inactivated rabies
vaccine for human use produced in cell substrates and
embryonated eggs. In: WHO Technical Report Series — 941.
Fifty-sixth report. Geneva: WHO; 2007. p. 83—132.

18.World Health Organization. Rabies vaccines: WHO position
paper, April 2018 — recommendations. Vaccine. 2018; 36(37):
5500-3.

19.World Health Organization. WHO expert consultation on
rabies: third report. Geneva: WHO; 2018. 184 p.
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4. It was shown that the cryoprotective effect of
the DMEM-based GM supplemented with 0.5%
fetal bovine serum and GM-based preserving media
supplemented with 5% sucrose or 5% glycerol, or 5%
maltose or the 5% sucrose and 5% glycerol mixture
was stipulated by hydration properties and virion
stabilization.
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